Abstract. Galgeun-tang (GT) prior to and following fermentation with Lactobacillus plantarum was analyzed to determine the total polyphenol and flavonoid contents and the antioxidant activity. GT, fermented GT (FGT) and their three solvent-partitioned fractions, which were prepared by successive partitioning with ethyl acetate (EtOAc), butanol (BuOH) and water, were evaluated for total polyphenol and flavonoid contents, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and xanthine oxidase (XO) inhibitory activity. Following fermentation, the total polyphenol content only increased slightly; however, the flavonoid content increased by 24.3%. The radical scavenging activity increased from 22.4 to 27.5% and the XO inhibitory activity increased from 20.2 to 62.4% at 500 µg/ml. The EtOAc fraction among the solvent-partitioned fractions demonstrated the highest total polyphenol and flavonoid contents, radical scavenging activities and XO inhibitory activity, and the quantity also markedly increased following fermentation.
Introduction
Galgeun-tang (GT) is a traditional herbal decoction used in the treatment of cold, fever and muscular pain and consists of Puerariae Radix, Ephedrae Herba, Zizyphi Fructus, Cinnamomi Cortex, Paeniae Radix, Glycyrrhizae Radix and Zingiberis Rhizoma at a ratio of 8:4:4:3:3:2:1 (1). The fermentation of the herbs is generally performed using probiotics, including Lactobacillus sp. and Bifidobacterium sp., which transform the herbal components to their aglycones, amino acids, vitamins or organic acids (2) (3) (4) (5) . During fermentation of the herbs, certain glycosides are deglycosylated into small, hydrophobic molecules that may be more efficacious than conventional herbal medicines due to the increased absorption and bioavailability of the active components in the body (4) (5) (6) (7) . Polyphenols are alcohols containing two or more benzene rings that each have at least one hydroxyl group attached and can range from simple molecules (phenolic acids, phenylpropanoids and flavonoids) to highly polymerized compounds (lignins, melanins and tannins), with flavonoids representing the most common and widely distributed subgroups (8) . These compounds have been reported to have antioxidant activity; however, flavonoids in particular exhibit a wide range of biological effects, including antibacterial, anti-inflammatory, antiallergic, hepatoprotective, antithrombotic, antiviral, anticarcinogenic and vasodilatory activities, in addition to their antioxidant activities (9, 10) . Indeed, the majority of these biological functions have been attributed to their free radical scavenging and antioxidant activity (11) . Oxidative damage appears to be associated with the etiology of cardiovascular disease, diabetes mellitus, gastric ulcers, arthritis, cancer and inflammation (12, 13) .
Xanthine oxidase (XO) catalyzes the metabolization of hypoxanthine and xanthine to uric acid, and its overproduction results in gout (14) . Furthermore, hyperuricemia is demonstrated to be correlated with cardiovascular events, including stroke and coronary heart disease (15, 16) . This explains why inhibition of this enzyme is an ideal strategy for reducing the serum level of uric acid.
Based on these studies, the present study therefore attempted fermentation to increase the biological efficacy of GT and evaluated the total polyphenol and flavonoid contents, 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity and XO inhibitory activity.
Materials and methods
Preparation of GT and FGT. Puerariae Radix (Korea), Ephedra Herb (China), Zingiberis Rhizoma (Korea), Zizyphi Fructus (Korea), Cinnamomi Cortex (Vietnam), Paeniae Radix (Korea) and Glycyrrhizae Radix (China) were purchased from the Korea Medicine Herbs Association (Yeongcheon, Korea). All voucher specimens were deposited in the herbal bank of Herbal Medicine Improvement Research Center, Korea Institute of Oriental Medicine (Daejeon, Korea).
The mixture of medicinal herbs (2,500 g), Puerariae Radix (800 g), Ephedra Herb (400 g), Zizyphi Fructus Flavonoid content, free radical scavenging and increase in xanthine oxidase inhibitory activity in Galgeun-tang following fermentation with Lactobacillus plantarum (400 g), Cinnamomi Cortex (300 g), Paeoniae Radix (300 g), Glycyrrhizae Radix (200 g) and Zingiberis Rhizoma (100 g) was soaked in water (33 l) for 1 h and then boiled for 3 h. Following cooling to room temperature, the extract solution was filtered using standard testing sieves (150 µm; Retsch, Haan, Germany) to yield GT (28.3 l). A portion (10 l) of the decoction was freeze-dried, yielding the GT extract (261.5 g; estimated extraction yield from herb materials: 29.61%) and stored in desiccators at 4˚C until use. For the preparation of FGT, GT (10 l) was adjusted to pH 8.0 using 1M NaOH and was then sterilized in an autoclave at 121˚C for 15 min and cooled to 37˚C. The GT was fermented by inoculation of 10 ml of Lactobacillus plantarum (1x10 8 Determination of total polyphenol and flavonoid content. The total polyphenol content of the samples was determined by the Folin-Ciocalteu method (17) . The appropriate dilutions of samples (2 ml) were oxidized with Folin-Ciocalteu's reagent (2 ml; Sigma, St. Louis, MO, USA) for 3 min. The reaction was neutralized with 10% sodium carbonate solution (2 ml). The contents in the tubes were thoroughly mixed and allowed to stand at ambient temperature for 1 h until the characteristic blue color developed. The absorbance of the clear supernatant was measured at 700 nm using a spectrophotometer. The total polyphenol content in each sample was calculated based on a standard curve prepared using tannic acid (Sigma) and expressed as µg of tannic acid equivalent per mg of sample.
The total flavonoid content of the samples was determined with aluminum nitrate using quercetin (Sigma) as the standard (18) . Each 1 mg aliquot of the samples was added to 1 ml 80% ethanol. A 0.5 ml aliquot was added to each test tube containing 0.1 ml 10% aluminum nitrate, 0.1 ml 1M potassium acetate and 4.3 ml 80% ethanol. The absorbance of the supernatant was measured at 415 nm following incubation at room temperature for 40 min. The total flavonoid content in the samples was determined as µg quercetin equivalent from a standard quercetin graph.
Free radical scavenging assay and activity-guided fractionation. The free radical scavenging activity of the samples was measured by employing the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH; Wako Pure Chemical Industries, Ltd., Osaka, Japan) assay (19) . A DPPH solution in ethanol and dimethylsulfoxide (DMSO) was prepared and 900 µl of this solution was added to 100 µl of each sample dissolved in ethanol (500 µg/ml). The mixture was agitated and then allowed to stand at room temperature for 10 min. The absorbance was subsequently measured at 518 nm using a spectrophotometer. The percentage of scavenging activity at different concentrations was determined and compared with that of l-ascorbic acid (25 µg/ml), which was used as the standard. The inhibition of the DPPH radical scavenging effect was calculated as:
where A o was the absorbance of the control solution (containing only DPPH) and A was the absorbance of DPPH in the sample solution. The determinations were performed in triplicate for each sample and the values were averaged.
To isolate a main active ingredient from FGT, the EtOAc fraction (5.0 g) was subjected to column chromatography on silica gel eluting with an EtOAc/MeOH gradient (100% EtOAc to MeOH) to afford 16 fractions. Fraction seven, which had markedly higher DPPH radical scavenging activity compared with other fractions, was further separated on silica gel eluting with CHCl 3 /MeOH (10:1) to give compound 1 (30 mg). The structure was identified by nuclear magnetic resonance (NMR) and electron impact mass spectroscopy (EI-MS) and then compared with a commercial sample (Sigma) using high-performance liquid chromatography with a diode array detector (HPLC-DAD).
Pyrogallol ( XO inhibition assay. The XO inhibition activity was evaluated by the slightly modified method of Parejo et al (20) . In this method, O 2
•-reduces a yellow dye, nitroblue tetrazolium (NBT 2+ ), to produce blue formazan, which is measured spectrophotometrically at 560 nm.
An assay mixture with a final volume of 150 µl was prepared in Eppendorf tubes with 1 mM phosphate buffer (pH 7.4) containing 2 mM xanthine (Sigma), 2 mM NBT (Sigma) and the respective samples. The reaction was started by adding 0.1 ml XO (bovine milk origin; Boehringer, Mannheim, Germany) solution in 1 mM phosphate buffer, pH 7.4 (final concentration; 0.0449 U/ml) and incubation at 37˚C. Following 20 min, the absorbance was measured at 560 nm.
The results are expressed as the percentage inhibition of the NBT reduction with respect to the reaction mixture without sample (buffer only).
where S abs , SB abs and C abs were the absorbances of the sample, the blank sample and the control, respectively. 
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Statistical analysis.
All experiments were performed in triplicate. Data was analyzed using the Student's t-test. P<0.05 was considered to indicate a statistically significant difference.
Results
Preparation of GT, FGT and their fractions.
GT was prepared by extracting Puerariae Radix, Ephedra Herb, Zizyphi Fructus, Cinnamomi Cortex, Paeoniae Radix, Glycyrrhizae Radix and Zingiberis Rhizoma with boiled water. FGT was prepared by fermenting the GT solution with Lactobacillus plantarum. The extraction yields of GT and FGT were 29.4 and 29.6%, respectively.
The solvent fractions of GT and FGT were sequentially partitioned with EtOAc and BuOH between water. The quantity of organic solvent fraction obtained from FGT (EtOAc, 1.75 g; BuOH, 4.54 g) was higher than that from GT (EtOAc, 0.93 g; BuOH, 3.82 g).
Estimation of total polyphenol and flavonoid contents.
The total polyphenol content in the crude extract of FGT (125.5 mg/g) was only slightly higher than that of GT (120.0 mg/g); however, that of the EtOAc-soluble fraction of FGT (350.9 mg/g) was significantly higher than that of GT (251.4 mg/g) (P<0.01; Table I ).
The total flavonoid content of the crude extract of FGT (3.79 mg/g) was significantly higher than that of GT (3.05 mg/g) (P<0.01) and that of the EtOAc-soluble fraction of FGT (12.97 mg/g) was significantly higher than that of GT (8.87 mg/g) (P<0.01; Table II ). Table I . Total polyphenol contents in GT, FGT and their fractions. Table III . Free radical scavenging activities in GT, FGT and their fractions. GT, Galgeun-tang; FGT, Galgeun-tang fermented with Lactobacillus plantarum; EtOAc, ethyl acetate; BuOH, butanol. The sample concentrations were 500 µg/ml. l-(+)-ascorbic acid (25 µg/ml) was used as a positive control. Values are presented as the mean ± standard deviation (n=3). DPPH radical-scavenging activity and activity-guided fractionation. The DPPH radical scavenging activity of the sample was measured at 500 µg/ml. The DPPH radical-scavenging activity of FGT (27.49%) was significantly higher than that of GT (22.35%) (P<0.01) and that of the EtOAc-soluble fraction of FGT (74.17%) was significantly higher than that of GT (36.95%; Table III ). The DPPH radical-scavenging activity of the BuOH-soluble fraction of FGT (36.32%) was also significantly (P<0.05) higher than that of the GT (30.97%).
DPPH radical scavenging activity (%)
Pyrogallol was isolated as the main active ingredient from the EtOAc fraction of FGT. The structure was identified by NMR and MS, and comparison of the spectra with those of authentic commercial samples. The compound produced a strong inhibition of DPPH activity with an IC 50 of 12.2 µg/ml as opposed to 29.9 µg/ml for ascorbic acid as a positive reference.
XO inhibition activity. XO inhibitory activities of samples were measured at 500 µg/ml. The XO inhibitory activity of the FGT (62.37%) was significantly higher than that of GT (20.21%) (P<0.01; Fig. 1) .
The XO inhibitory activities of the solvent-partitioned fractions were higher in the organic solvent-soluble fractions (EtOAc fraction of GT, 54.5%; EtOAc fraction of FGT, 94.4%; 
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BuOH fraction of GT, 37.9%; BuOH fraction of FGT, 88.2%) than in the water-soluble fractions (GT, 2.5%; FGT, 23.2%). All the FGT fractions demonstrated significantly higher XO activities than the GT fractions (P<0.05).
HPLC-DAD analysis and identification of a major bioconversion component.
HPLC-DAD analysis conditions were successfully established for the separation of peaks from GT and FGT (Fig. 2) . Numerous increased or decreased peaks at various UV-vis wavelengths were identified. As opposed to GT, pyrogallol was present in FGT at a retention time of 7.14 min.
Discussion
FGT demonstrated a significantly higher flavonoid content and antioxidant activities than GT. Therefore, FGT is expected to have a stronger biological effect than GT and to also have a longer shelf-life than GT, as antioxidants reduce the oxidation of active substances.
The antioxidant activities as well as the total polyphenol and flavonoid contents in the EtOAc-soluble fractions were markedly increased following fermentation. In addition, the mass of the EtOAc-soluble fraction also increased following fermentation.
These findings suggested that fermentation may have transformed certain components in the herbal decoction into more hydrophobic compounds, possibly increasing the biological effect. Herbal extracts are generally more stable in solid form than in solution. GT is usually administered as a decoction obtained from 25 g of seven herb materials. From the extraction yield (29.6%) in the present study, the dried weight was estimated to be 7.4 g, which would equate to 15-20 g of a tablet, including excipients, and would be inconvenient for intake. If the fermentation process was able to be optimized to increase the biological effect, FGT or its nonpolar fraction may be developed as a solid drug with a lower dosage.
In addition, XO inhibition activity was highly increased by fermentation. Therefore, according to the present study, FGT or its EtOAc-soluble fraction may be used for further study on the mechanism of action and in vivo efficacies to develop herbal medicines against diseases associated with hyperuricemia.
The potent DPPH radical scavenging activity of pyrogallol has been previously reported (21) . Pyrogallol, along with numerous other increased phenolic fermentation products, mainly contributes to the antioxidant activity of FGT. Pyrogallol, which was identified as a major bioconversion component, may be used as a marker compound for the FGT product. The aim of future studies by our group is to identify all the bioconversion components and evaluate other biological activities as well as antioxidant properties.
